Introduction
Peters' anomaly was first described in 1906 as a congenital anomaly of the anterior segment of the eye. 1 It is characterised by central corneal opacity with corresponding defects in the posterior stroma, Descemet's membrane, and endothelium. [2] [3] [4] [5] Another characteristic is that the iris strands frequently extend from the collarette to the posterior border of the corneal leukoma. [3] [4] [5] [6] [7] The central corneal opacity of Peters' anomaly is so dense that it can prevent infants from improving their vision. Penetrating keratoplasty (PKP) is performed to eliminate corneal opacity, but the decision to perform PKP is not easy because not only is the rate of graft failure higher but also postoperative care in children is difficult. However, as the degree of corneal opacity varies so widely and various ophthalmic anomalies are present, the treatment protocol used can differ in each case of Peters' anomaly. Previous studies of Peters' anomaly cases were mainly focused on surgical outcomes following PKP. [8] [9] [10] [11] [12] [13] [14] However, this study was designed to investigate the long-term clinical course and report the visual outcomes in Peters' anomaly patients treated with various treatment modalities.
Detailed medical records for all patients who were diagnosed as having Peters' anomaly at Seoul National University Hospital from 1985 to 2005 were reviewed retrospectively. The ophthalmic evaluations performed at the initial presentation included a slit-lamp examination of the anterior segments, an intraocular pressure (IOP) measurement, and a fundus examination with an indirect ophthalmoscope or ultrasonography, if the fundus was invisible. To evaluate the long-term visual outcome, a subgroup analysis was performed with the patients who were diagnosed with Peters' anomaly and followed up for more than 5 years. For systemic work-ups, patients were referred to a paediatrician to identify any systemic anomaly. We also compared the final visual outcomes of those patients with accompanying systemic anomalies and those with none. All final visual acuities were measured using the Snellen visual acuity chart and converted to logMAR for statistical analysis
Disease severity
Disease severity was classified into two categories: mild and severe disease. We defined the eyes as having mild disease if the size of the cornea was normal and/or there was corneal opacity over less than half of the cornea, iridocorneal adhesion, or any other accompanying iris abnormality. However, the eyes were categorised as severely diseased if there was corneal opacity over more than half of the cornea, corneo-lenticular adhesion, corneal staphyloma, or an associated ophthalmic anomaly such as microphthalmia, persistent hyperplastic primary vitreous (PHPV), aniridia, or cataracts.
Treatment modalities
The eyes with Peters' anomaly were classified into three groups according to the treatment protocol: (1) the medical treatment group, (2) the surgical treatment group, and (3) the no-treatment group. Medical treatment was attempted when the media opacity was not too dense to allow for fundus examination. The medical treatment was comprised of occlusion therapy with or without pupil dilation with mydriatics. The indication for amblyopia treatment was any case of unilateral disease or bilateral disease that involved visual asymmetry between the eyes. However, if the media opacity was too dense to observe the fundus, various additional surgical treatments were performed. In this study, the surgical treatments used included the following: (1) optical-sector iridectomy, (2) PKP, (3) cataract surgery, and (4) trabeculectomy. Sometimes multiple surgical methods were performed simultaneously or individually. The surgical method used to treat each eye was determined according to the status of the cornea, the lens and other associated anomalies of the eye. To improve vision, optical-sector iridectomy, which dilates the pupil by surgical incision of the pupillary sphincter, was performed. PKP was performed if the cornea opacity was too dense for optical-sector iridectomy alone to improve vision. Cataract surgery was performed when the lens opacity was considered to disrupt vision development. Trabeculectomy was performed when all glaucoma medications administered failed to lower IOP. The final visual outcomes of all the surgical treatment groups were presented. Cases in which no treatment was available were placed in the no-treatment group.
Statistical methods
We used SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA) for all statistical analyses. All tests were twotailed, and significance was set at 0.05. Final visual acuity was compared among the medical treatment group, the surgical treatment group, and the no-treatment group. The distribution of visual acuity between groups was analysed by one-way analysis of variance (ANOVA). The final visual outcome was compared according to the treatment modality used, the laterality of the disease, and the disease severity with multiple linear regression analysis. Conversion of Snellen visual acuity to logMAR was performed according to the method proposed by Holladay. 15 To compare final visual outcomes, assessments of light perception (LP) and no light perception (NLP) were included in analysis of the data as Schulze-Bounsel et al 16 proposed, LP was assigned to a logMAR value of 2.7 and NLP to a logMAR value of 3.0.
Results

Ophthalmic and systemic features
One hundred and six eyes in 76 patients were diagnosed as having Peters' anomaly during the study period. Forty-six patients (61%) had unilateral disease, and 30 patients (39%) had bilateral disease. For evaluating the visual outcome, 90 eyes in 65 patients who were followed up for more than 5 years were enrolled, and 16 eyes of 11 patients were excluded because of insufficient follow-up in this study ( Table 1 ). The average final visual acuity of all enrolled patients was 2.049±0.965 logMAR (20/2240), and there was no significant difference between the unilateral (2.054 ± 0.974 logMAR) and bilateral (2.046 ± 0.967 logMAR) disease groups (independent t-test, P ¼ 0.969).
Among the total 76 patients, 22 patients (29%) had accompanying systemic anomalies. Eight patients in the bilateral disease group and 13 patients in the unilateral disease group had associated systemic anomalies, although laterality and systemic anomalies had no significant association (Pearson's w 2 test, P ¼ 0.870). The most frequent accompanying anomaly (in 10 of 22 patients) was developmental delay. Cardiopulmonary anomaly was the second most frequent accompanying anomaly ( Table 2 ). The average final visual acuity of the associated systemic anomaly group (2.245±0.917 logMAR) was not significantly different from that of the group with no associated anomalies (1.918 ± 1.010 logMAR) (independent t-test, P ¼ 0.168).
Disease severity and treatment modalities
Of the enrolled patients for evaluating the visual outcome, 60 eyes (67%) were categorised as having severe disease, and 30 eyes (33%) were categorised as having mild disease. The most common cause of severe disease was corneal opacity over more than half of the cornea and microphthalmos. Congenital cataract and aniridia were followed. However, there was no significant association between the laterality of the disease and the disease severity (Pearson's w 2 test, P ¼ 0.516) or between the laterality of the disease and the treatment modality (Pearson's w 2 test, P ¼ 0.243) ( Table 3 ). Twenty-six eyes (29%) received medical treatment, 44 eyes (49%) received surgical treatment, and 20 eyes (22%) received no treatment. The mean final visual acuities of the medical, surgical and no-treatment groups were 1.415±1.033, 2.344±0.798 and 2.282±0.894 logMAR, respectively. The average final visual acuity differed significantly among the treatment groups (one-way ANOVA, Po0.001). Detailed data on the final visual results for each treatment group, subdivided by the disease severity, are shown in Figure 1 . In the medical treatment group, the final visual acuities in the mild and severe disease groups were 0.789±0.738 and 2.042±0.910 logMAR, respectively. Approximately half of the eyes with mild disease had visual acuity of 20/100 or better, whereas more than half of eyes with severe disease had visual acuity categorised as finger-counting (CF) or worse. In the surgical treatment group, the final visual acuities in the mild and severe disease groups were 1.784 ± 0.909 and 2.543 ± 0.606 logMAR, respectively. Thirty-six per cent of the eyes with mild disease had a visual acuity of 20/400 or better, while 93% of eyes with severe disease were categorised as having CF or worse, and 52% were classified as having NLP. We surveyed the outcomes associated with various surgical treatments, and the final visual outcomes are presented in Table 4 . The mean age when the first surgical treatment was performed was 22.18 ± 30.15 months (range, 1-147 months). However, there was no significant correlation between the age of the first surgical treatment and the final visual outcome (simple linear regression, P ¼ 0.255). In the no-treatment group, the final visual acuities in the mild and severe disease groups were 1.449 ± 0.986 and 2.731 ± 0.395 logMAR, respectively. Although 43% of the eyes with mild disease had a visual acuity of 20/400 or better, all eyes with severe disease were categorised as CF or worse, and 62% of the eyes with severe disease were categorised as having NLP. 
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ophthalmic anomalies that can affect the visual outcome. Therefore, we introduced new classification in this study.
We included all eyes with Peters' anomaly and divided the groups according to the disease severity and treatment modality so that we could evaluate the clinical course and focus on the visual outcome, not just of surgical treatment (especially PKP), but also of all the treatment methods applied to the patients. The incidence of severe disease was not significantly different between the unilateral and bilateral disease groups (Pearson's w 2 test, P ¼ 0.516), and it was not associated with accompanying systemic anomaly (Pearson's w 2 test, P ¼ 0.806), which indicated that the incidence of severe disease was not significantly associated with the laterality of the disease or the presence of accompanying systemic anomaly. In addition, according to the classical classification, the incidence of type I or II Peters' anomaly was not significantly different according to the laterality of the disease (Fisher's exact test, P ¼ 0.102) or the presence of accompanying systemic anomaly (Fisher's exact test, P ¼ 0.125).
The average final visual acuity of Peters' anomaly cases was 2.049 ± 0.965 logMAR (20/2240). The final visual acuity in each group differed according to both treatment modality and disease severity. The disease severity of Peters' anomaly before any treatment was the factor that contributed most strongly to final visual outcome. Among all treatment groups, the average final visual acuity in the medical treatment group was better than the outcomes for the other groups. This does not mean that medical treatment was a superior treatment method; rather, more severe cases of Peters' anomaly have a tendency to undergo surgical treatments (Pearson's w 2 test, P ¼ 0.019). Twenty-four eyes from 23 children in this study underwent PKP. The final visual outcomes of PKP with mild disease were better than the outcomes of PKP with severe disease. There was a subsignificant relationship between disease severity and the visual outcomes of PKP (Mann-Whitney test, P ¼ 0.055). Among the various treatment modalities, optical-sector iridectomy was effective in allowing the eye to receive more visual stimulation through the widened pupil. Jü nemann et al 17 published the outcomes of optical-sector iridectomies performed in 13 patients in 1996 for the first time; 47% of the eyes had visual acuities ranging from 20/500 to 20/200. The authors recommended the procedure as a surgical alternative to early PKP, but until this study, no other report made the same recommendation. Six eyes in this study that underwent optical-sector iridectomy had visual acuities of approximately 1.987 logMAR (20/1940), and 50% had vision that was categorised as better than CF. Although the number of eyes compared was small, there was no significant difference between the visual outcomes of optical-sector iridectomy and PKP (Mann-Whitney test, P ¼ 0.519). Optical-sector iridectomy is easier to perform and is associated with a reduced rate of complications compared with PKP. Therefore, optical-sector iridectomy is considered as a solitary treatment modality and an alternative therapeutic option in selected cases. This procedure could also be performed before PKP to allow more time to evaluate an increase in the rate of graft survival.
Fourteen eyes (16%) had associated glaucoma, and six of these eyes (43%) required trabeculectomy because IOP could not be controlled using eye drops. Among the six eyes requiring trabeculectomy, five had bilateral disease, and four had severe disease. The major postoperative complications were retinal detachment (three eyes) and phthisis (two eyes). All of the eyes that underwent trabeculectomy had final vision categorised as NLP. Although direct comparison was impossible because the previous study did not report the visual results of each surgical procedure, the overall results of trabeculectomy were worse than those found in a previous study by Yang et al. 18 We were unable to provide a valid statistical analysis of the glaucoma treatment because of the small number of eyes undergoing the procedure. It is likely that trabeculectomy in Peters' anomaly cases with severe disease was associated with inferior prognosis.
Twenty-two patients (29%) had associated systemic anomalies. The most common systemic anomaly was In conclusion, the most important factor determining treatment method and visual outcome was disease severity. The incidence of disease severity was not associated with the laterality or the association of systemic anomaly. If there was corneal opacity over more than half of the cornea, corneo-lenticular adhesion, corneal staphyloma or an associated ophthalmic anomaly such as microphthalmia, PHPV, aniridia or cataract, the visual outcome was worse-regardless of treatment modality. Therefore, it is important to discover any combined eye anomaly present in association with Peters' anomaly before making treatment plans.
The major limitation of this study is that a selection bias may have been created by the methodology used to group the patients. Another limitation was the retrospective design of the study. Therefore, we could not compare the visual outcomes of eyes with the same condition between the treatment modalities. Despite these potential limitations, we evaluated all treatment methods applied to the Peters' anomaly patients and found that visual outcomes differed according to disease severity in each treatment group.
Summary
What was known before K There was not much data about visual outcome of Peters' anomaly after long-term follow-up. Some papers reported surgical result after PKP. However, with other treatment methods, the visual outcome after long-term follow-up was hard to find.
What this study adds
K We investigated whole cases of Peters' anomaly and divided the groups according to the treatment modalities. We compared the visual outcome of each group after long-term follow-up. Especially we found out that the eyes with severe disease defined as having accompanied other congenital ophthalmic anomaly had worse prognosis. After revision, we added more information about correlation between the disease status and various outcomes.
